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2 deuter ie r ten  chiralen Propions~ture 8, welche eine posi- 
t ive  normale  O R D - K u r v e  aufwies ([e]500 = + 1~ 
[~]t00 = + 2~ [~12so = + 27,5~ [~]~8o = + 80~ in Was-  
ser) 7. Eine  S~ture mi t  ~thnlicher posi t iver  O R D - K u r v e  
liess sich auf  gle ichem Wege ausgehend von 5 erhal ten.  
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(S)-2-2H-Propions~iure, 8, hergeste l l t  in An lehnung  an 
friihere Arbei ten  7 durch  Bromlauge-Abbau  von  (--)- 
(2R, 3S)-3-2H-Butanol-(2), 9, ist ebenfal ls  durch  eine 
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posi t ive O R D - K u r v e  gekennzeichnet ,  wodurch  die ab-  
solute Konf igura t ion  des gemeinsamen P roduk te s  8 aus 
der  U m s e t z u n g  von  3 und  5 als (S) festgelegt  ist. Daraus  
folgt, dabs sowohl  bei  3 wie auch  bei 5 die W a n d e r u n g  
des Wasse r s to f f a toms  un te r  Invers ion  am C-2 s t a t t f i nde t .  

Die inzwischen erfolgte E r m i t t l u n g  der  Stereospezif i-  
zit~it yon  Lebera lkoho ldehydrogenase"  z u s a m m e n  mi t  den 
erw~thnten Ergebn i ssen  yon  FREY, KARABATSOS und  
ABELES 6 ve r l ang t  zus~itzlich, daBs bei (S)-Propandiol  
spezifisch dab H s - A t o m ,  bei  (R)-Propandio l  dab HR-Atom 
w an d e r t  ~~ D e m  sich e rgebenden  s te reochemischen  Bild 
kann  m a n  vorl~iufig durch  die A n n a h m e  R e c h n u n g  t ragen,  
dabs beide enan t iomeren  Propandio le  durch  drei  gleiche 
Haf t s te l len  an daB E n z y m  gebunden  werden  (Figur), 
wodurch  zwischen Abgangsgruppe  und  w a n d e r n d e m  
Atom eine ident ische  s ter ische Beziehung e ingehal ten  
wird. 

Summary. Propaned io ldehydrase  is shown to  conver t  
b o t h  (+)-(S)-2-2H-propanediol ,  3, and (--)-(R)-I-aH2 - 
propanediol ,  5, to  specimens  of deu te ra t ed  propion-  
a ldehyde,  for which the  (S)-configurat ion has  been 
establ ished.  Thus,  in the  p ropaned io ldehydrase  reac t ion  
migra t ion  of hydrogen  a toms  f rom C-1 to C-2 a lways 
occurs wi th  invers ion of configurat ion.  

J. RI~TEY, A. UMANI-I~oNCHI 
und  D. ARIGONI 

Organisch-chemisches Laboratorium,l 
Eidgendssische Technische Hochschule, Zi~rich (Schweiz), 
29. November 1965. 

7 Die Aufnahme der in dieser Arbeit erw/ihnten ORD-Kurven 
verdanken wir dem freundlichen Entgegenkommen von Dr. J. W. 
CORNFORTH und seinen Mitarbeitern Dr. G. RYBACK und Herrn 
D. T. GREEN, Milstead Laboratory of Chemical Enzymology, 
Sittingbourne, England. 

s j .  RI~TEY und F. LYNEN, Biochem. Z. 342, 256 (1965). 
9 H. WEBER, A. UMANI-RONCHI und D. ARIGONI, Helv.  chiln. Ac ta  

49, (1966), im Druck. 
lo Zur Bezeichnung der zwei konfigurativ nicht identischen H- 

Atome vgl. n 
11 H. WEBER, J.  SEIBL und D. ARIGONI, Helv. chim. Acta 49, 

(1966), im Druck. 

p - A m i n o b e n z a m i d i n e  a s  I n h i b i t o r  o f  

T r y p s i n o g e n  A c t i v a t i o n  

Aliphat ic  amino and guanidino compounds ,  e-keto 
der iva t ives  of tyrosine,  t r y p t o p h a n  and  phenyla lan ine  as 
well as the  deca rboxy la t ion  p roduc t s  of these a romat ic  
amino acids, and  also p - a m i n o m e t h y l  cyclohexane car- 
boxyl ic  acid and  p - a m i n o m e t h y l  benzoic acid, have  been 
shown to inhibi t  the  ac t iva t ion  of t r y p s i n o g e n l - L  In the  
au toca ta ly t ic  ac t iva t ion  process the  s t ronges t  inhibi tor  
descr ibed so far has  been 1-propylguanidine s, while in the  
en te rok inase -dependen t  react ion p - h y d r o x y p h e n y l p y r u -  
vic acid and indolepyruvic  acid have  been mos t  effective a. 
S tudy  of the  inh ib i tory  compounds  has been of in teres t  
for several  reasons.  Inves t iga t ion  of the  s t ruc tura l  re- 
qu i rements  for inhibi tors  will allow a compar i son  of the  
affinit ies of the  act ive sites of t ryps in  and enterokinase .  
Fur the rmore ,  several  of the  inh ib i to ry  agents,  such as 

serotonin  and p - h y d r o x y p h e n y l p y r u v i c  acid, are found  in 
t issues in no rma l  or diseased states,  and in ter ference  wi th  
the  act ion or ac t iva t ion  of pro teoly t ic  enzymes  m a y  ex- 
plain pa r t  of the i r  physio logica l  effects. Final ly,  p o t e n t  
inhibi tors  of t ryps inogen  ac t iva t ion  should be useful in 
an imal  expe r imen t s  to set t le  the  long-s tanding  contro-  
versy  w h e t h e r  au toca ta ly t ic  ac t iva t ion  plays  a n y  role in 
the  d e v e l o p m e n t  of the  ca tas t roph ic  au todiges t ive  process 
of acute  pancrea t i t i s .  
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The presen t  communica t ion  is concerned wi th  th ree  
new inhibitors,  i.e. p -aminobenzamid ine ,  3-indole-fl- 
e thy lguanid ine  and  f i -phenylethylguanidine .  The former  
com pound  was t e s t ed  because i t  has  recen t ly  been  re- 
por t ed  to be the  s t ronges t  inhib i tor  of the  t ryp t i c  hydro ly -  
sis of benzoylarginine  p-ni t roani l ide  8. The la t t e r  two 
compounds  were examined  to  de te rmine  whe the r  t he  
presence of the  guanidino group would enhance  the  in- 
h ib i to ry  effect iveness beyond  t h a t  of the  cor responding  
amines  which have  been  s tudied  previously  I. 

All inhib i tor  compounds  were synthes ized  by  Cyclo 
Chemical  Corporat ion.  The a m o u n t s  of t ryps in  l ibera ted 
in the  ac t iva t ion  mix tu res  were de te rmined  in an estero- 
lyt ic  assay employing  a modi f ica t ion  of Hes t r in ' s  colori- 
metr ic  m e thod  1 to  follow the  hydro lys is  of the  subs t ra te  
p- toluenesulfonyl-L-arginine me thy l  ester. The assay mix-  
tures  were fort if ied wi th  0.1 M 4-guanid inobutyr ic  acid to  
e l iminate  any  fu r ther  ac t ivat ion,  a measure  especially 
necessary  to ob ta in  unequivocal  kinet ic  results.  The 
phenol  reagen t  of Folin and  Ciocalteau was used t o  
measure  the  p roduc t s  of t r yp t i c  caseinolysis.  

The results  in the  Table reveal  t h a t  p -aminobenzami -  
dine is a s t rong inhib i tor  of b o t h  modes  of t ryps inogen  
ac t iva t ion  and is cons iderably  more  effective t hen  even 
1-propylguanidine,  the  values  for which  are included in 
t he  listing. As inhibi tor  of enterokinase ,  p -aminobenzami -  
dine is also superior  to p - h y d r o x y p h e n y l p y r u v i c  acid, 
which  has an inhibi tor  cons t an t  of 7.2 �9 10-4M 4. A com- 
par ison of the  ac t iv i ty  of indolee thylguanid ine  and phenyl -  
e thy lguanid ine  wi th  t h a t  of t r y p t a m i n e  and pheny le thy l -  
amine  4 makes  i t  ev iden t  t h a t  in t roduc t ion  of the  guani-  
dino group did no t  lead to  a n y  fu r ther  increase in inhibi-  
t o ry  s t rength .  Kinet ical ly ,  t he  th ree  new compounds  and 
1-propylguanidine ac t  as non-compe t i t ive  inhibi tors  of 
t ryps inogen  ac t iva t ion  as is d e m o n s t r a t e d  for p -amino-  
benzamid ine  in Figure 1. The non-compet i t ive  t ype  of 
inhib i t ion  for the  au toca ta ly t i c  reac t ion  is in accord wi th  
previous  results  wi th  o the r  inhib i tors  3,4, bu t  is in con t ras t  
to  the  compet i t ive  na ture  of the  inh ib i tory  process when  
benzoyl-arginine  p-ni t roani l ide  is the  subs t ra te  for t ryp -  
sin s. A similar  d icho tomous  behav ior  has been  observed 
wi th  c h y m o t r y p s i n  where subs t r a t e  der iva t ives  exer t  a 
compet i t ive  inh ib i to ry  effect  on the  hydrolys is  of an es ter  
subs t ra te ,  ye t  inhibi t  the  caseinolyt ic  ac t iv i ty  in a non-  
compet i t ive  manner% The analogy be tween  the  two en- 
zymes  could be carried even  fu r the r  as the  inhib i t ion  of 
t ryp t i c  caseinolysis b y  p - aminobenzamid ine  also follows a 
non-compe t i t ive  p a t t e r n  (Figure 2). Conformat ional  
changes  of the  enzymes  poss ibly  account  for t he  di f ferent  
k inet ic  behav ior  in the  presence of d i f ferent  subs t ra tes .  

Final ly,  i t  is of in te res t  tha t ,  as wi th  o ther  enzymes,  K i 
values for inhib i tors  of t ryps in  va ry  for d i f ferent  sub-  
s t ra tes .  Thus  the  inh ib i to r  co n s t an t  for p -aminobenzami -  
dine in t he  caseinolyt ic  react ion was de te rmined  to  be 
4.55 �9 10-4M, while the  K i value for the  au toca ta ly t i c  
ac t iva t ion ,  as seen above,  is m u c h  smaller  and compares  
closely w i th  the  c o n s t a n t  r epor ted  for the  hydro lys is  of 
benzoyl -arg in ine  p-ni t roani l ide  (8.25. 10-0M according 
to MAREs-GuIA and SHAWS). 
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Fig. 1. Plots according to Lineweaver and Burk demonstrating that 
p-aminobenzamidine is a non-competitive inhibitor of the auto- 
catalytic activation of trypsinogen (A) as well as of the activation by 
enterokinase (B). The composition of the activation mixtures was as 
given in the footnote of the Table except for the necessary variation 

in the amount of trypsinogen. 
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Fig. 2. Plots according 
to Lineweaver and 
Burk showing that p- 
aminobenzamidine 
inhibits tryptic 
caseinolysis in a non- 
competitive manner. 
The reaction mixtures 
of 3.0 ml contained 
10 fig trypsin and 
varying amounts of 

. . . . . . . . . . . .  casein in 0.1 M tris 
0.13 0.% 0.36 0.68 0.60 0JZ buffer (pH 7.6). Incu- 

bation was carried out 
- ' ~  ~[slto-mg Casein/mr) for 15 min at 37~ 

Strength of inhibitors of trypsinogen activation S 

Inhibitor Autocatalytie Activation by 
activation enterokinase 
Ki (M) 

p-Aminobenzamidine 6.7 �9 10 -8 2.9 �9 10 -5 
1-Propylguanidine 8.0 �9 10 -5 8.3 �9 10 -4 
3-Indole-~-ethylguanidine 8.6- 10 -4 1.3 �9 10 -8 
fl-Phenylethylguanidine 1.7 �9 10 -a 1.2 �9 10-8 

The mixtures for the autoeatalytie reaction contained 50/~g tryp- 
sin, 1 mg trypsinogen preparation and 0.1M CaC18 in 2.0 ml of 0.1 M 
tris buffer (pH 7.7). Activation was carried out for 20 min at 27~ 
The mixtures with enterokinase contained 0.33 E.K.U. and 2 mg 
trypsinogen preparation in 2 ml of 0.02 M phosphate buffer (pH 5.8). 
Activation was for 16 rain at 23~ All enzymes were products of 
Mann Res. Lab., Inc. 

Zusammenfassung. p - A m i n o b e n z a m i d i n  ist der  s t~rks te  
bis j e t z t  b ek an n t e  H e m m s t o f f  der  au toka ta ly t i schen  Ak- 
t iv ie rung  des Tryps in0gens  und  auch der  Ak t iv i e rung  
durch  Enterokinase .  Die hochgradige  Wi rksamke i t  de r  
Ve rb indung  empf ieh l t  sie zur A n w e n d u n g  in der  experi-  
mente l len  Pankrea t i t i s ,  um die Bedeu tung  der  auto-  
ka ta ly t i schen  Tryps inogenak t iv ie rung  ftir diesen K ran k -  
hei tsprozess  ermessen zu k6nnen.  
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